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1.C ITRCIUCTION

1.1 Ger.eral

This report presents a swmary of the work accamplished during the period July

through September 1964 on the study of the ultra-high vacuum Ifrictional-adhe-
ioral behavior of silicates as related tc the lunar surface. In addition,

because this is the first report since initiation of the study, a brief review

is ziven ot present ideas as to the nature of fricticr-adhesion, of previous work

relaving te this study, and of the physical nature of silicates.

'..J
.
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Purpose and Importance of Program

The primary purpose of this progrem is to obtain quantitative experimental data
concerning the witre-nigh vacuum adhesional-{rictional behavior of ihe malerials
which may presently exist at the lunar surface, and between these and engineering
materials which mzy be placed upon the suriace. Additiornal purpcoses are 1o analyze
these data with regards to the possivle reactions of granular junar materials to

engineering operaticns, and to investigate ueans Ly which the problems, if any,

posed Ly these reactions may e minimized.

The inmportance of this program is that adhnesiconal-frictional phenomena may pose
serious problems to lunar surface operations, and as yet very little pertinent in-

formation is available.

1.3 Approach
The approach used in the first phase of this study (the approach for subsequent
phases will be detailed at 2 later time) is %o cuinin quantitztive data releting

the adhesion force as z funetion of load force, temperature, type of silicate,



crystalline orientation, and surface preperastion; and then to use these dzta to
anajyze the possible behavior of silicates at the lunar surface and the problems

this mey pose to lunar cperations.

Single crystals of each mineral are used since thils allows one to obtain under~
standing as to the basic physics of silicate behavior in ultra-high vacuum. Load
forces are applied by means of an electrumagnet which is placed outside the vacuum
system, thereby reducing vacuum problems. 3Since the few available data indicate
the silicate adhesion forces may be asmall, the approach used in this study is to
use as sensitive an adhesion measuring apparatus as possible. The decision has
teen made to use microbalance techniques. Details of the experimental technigues

employed are given in followlng sections.

2.0 SUMMARY OF PREVIOUS WORK

2.1 Concepts of Friction and Adhkesion

The generally accepted theory of friction is the so-called "adhesional" of "weld-
junction" theory developed by Bowden and many others. It is so well known that
only the barest outline of it need te giver.. This thecry states that when itwo
surfaces are placed in contact the lcad is borne by a few contacting surface
asperities. The high pressures developed cause plastic flow until the irue area
of contact is sufficient to support the load. At these points of contact atoms
of one surface are within range of the attractive forces of the atams of the other
surface and adhesive bonds are formed. The strength of these bonds depends upon
whetlier the interactions are between atoms of the bulk material or between sur-
face contaminents, being greatest in the absence of contamination. This leads

immediately to the concept that friction is produced by the force required to




snear these bouds.

This theory, developed principally for metals, has been applied with a reascnable
degree of success to the non-metals as well (see for instance the list of refer-
ences to this work given by Walten (1962)). Regardless of the success achieved

to date, the theory remains as an incamplete, and in certain cases a somewhat
dubious, solution to the friction {end adhcsion) question. This is not completely
unexpected, however, since iriction phencmena relate to surface interaciions and
tulk reactions, many of which are not well understood. It is worth enumerating

(ani discussing where applicable) same of the uncertcinties involved.

An impcrtant corcept in the "adhesion" theory is that of plastic ilow. By assum-
ing plastic flow at the few contacting asperities, and that the yield and shear
strengths of the material remain constant, it is possible to satisfy Amonton's
Laws (which are themselves, it should be noted, not of universal validity). How-

-

ever, it has Teern noted by Archard (1961) and cthers *het the invoking of plastic
flow is not mecessary to cxplain these Lawz. According to Archard, if one pemits
multiple contacts (cignificantly greater *than three), Amcrton's Laws can Le
satisfied with purely elastic asperity deformation. Tle possitle reality of this
effect in certain cases has receiQéd partial veritication rom the work of Dyson
and Hirst (1954). Nevertheless, it does not appear that Archard's mecharism could
be generally operative, since it depends upon what could be cslled a certain

"regularity" (in height)

e

n tie surface rouwghness. lowever, it is possible that

under certain conditiorns of surface preparstion {for instarce during polishing)

N

such reguwlarity couwld well be produced. This possibility points out one variable

“

of frictional phenamena not explicitly considered in the adhesion theory: surface



preparation.

There are two other important factors relating to surface preparstion. These are
the degree of surface roughness and the effect of surface preparation upon the
physico-chemical state of the surface and near surface layers. The significant
frictional role played particularly by extreme surface roughness is otvious. For
most engineering applications the roughness is such that it is generally dis- |
regarded as a separate frictional termm. However, for the understanding of soil
behavior it becames of cousiderable importance. 3ignificant physico-chemical
changes can ve produced by polishing. In particular!a glassy or cryptocrystalline
state can be formed in the immediate surface layers. This effect, though of con-
siderably less importsasnce for silicates than for metals, must be teken into
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accowit. Its importan will bec

the roles played by crystalline structure and the nature and types of atomic bond-

ing are discussed.

Ore consequence of the "adhesion" theory of friction is that a finite force should
be required to separate contacting surfaces. This force has indeed been detected,
but only under certain conditions. One such condition is vacuun vhere with suitable
surface cleaning many, but not all, materials have teen found vo adhere, some quite
strongly. Unfortuunately, despite these findings, essertially no quantitative data
are available. Another condition under which materials con occasion have been found
to adhere is wheu one cr both is of sufficiently low hardness (or the load force
sufficiently high) for bulk plastic flow to occur. The lack of observable adhesion
in many cases bas been ascribed varicusly as Leing Gue to the action of released
elastic stresses, the presence of oxide layers, the presence of alLsorbed gases, and/

or the geuneral incanpatibility of the materials comprising the surfaces.
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reasonable to cxpect that for contacting surfares, unless tle neterials are

guite soit, upon release of load zome cepree of clastic recovery wiil occur. This
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ecovery will tend to break junctions foried during the prior leoadiing. The

introdnction oi elastic recovery brings a whole host of new variatles into thre

yi

irictioral-adnesional phenamena. These relate directly to the bulk physical pro-
perties ol the material such as hardness, the elastic aud plastic parsuevers, and
strencth (tensile, vield, shear, compressicnal, znd wWitimeate); and to such con-

sicderations as uncticn gcecmet:t releting particuiarly 1o stress concentrations
9] [} o o

-

It hes beer Iound (see for iasiance Walton {17€z)) that elastic recovery is not
sulTiclert to accounl for the often noted lack of observoile sdhesion. Caleula-
tiors indicete that 1f this were the only factor operative ithen easily measurable
acdhecion should remairn in essentially all cases, at zerc load. This difficdty led
< part to consideration of the role played by oxide films (or metzls: metaliice
friction histcfically having received most attertion). Cre possivle rcle of oxide

i1ilms had Leen known 1or some Lime, the arpument being *that ircressed elastic
recovery occurs in the presence of an oxide layer (herder than underlying netal)
and nence in thke preserce of such a layer the adliesion, under zero load, would be
much less than that of the pure metzl =zloxne. However, a new possible role was un-
covered, this pertizining t» the type of atomic bonds formed across the i:terface.
The metallic bond being highly non-directional can tolerate o significant amount
of ctamic mis-match across the interface and yet still produce strong adhesicn.
The uxnide Londs, oii the other hand, ore considerza.ly more Girectional, and hence
unless a perfect or near-perfect zimmic natoh were made across the interface the
resuliant adhesion nay e guite weakx. A similar rcle Las been post :ldated for

-adsorved gas {ilms. These films when presert are believed to keep the materials




separated to the extent that the nomal aturic bonding forces cannct come into

prley across the interface. The only remaining active forces are then those between
the adsorbed gas molecules which are cf the weak Van der Walls type. These concepts,
which appear to be valid, add additional variables to Tfrictional phenamena: atamic
bond type(s) present and acting (directionally and strength) and crystalline
structure. The importance of physico-chemical alterations in surface and near-sur-
face structure, noted earlierz which may be produced during surface preparation now

tecomes apparent.

These concepts led to the introduction of the "work of adhesion” by Rabinowitz
(1961), a quantity ascociated with the surface free energy which in turn is some
function of the atcni;: bond types, crystal structure, and crystelline orientation.
This concept and the provlems assoclated with it have veen discussed by Spalvins
and Keller (1962). Experimental dats relating to this concept and indicating the
importance of the contained variables have been obtained by Spalvins and Keller
(1952), Riesz and Weber (1962), Duwell (1962), Steijn (1953), Roshon (196L) and

others. Uniortunately, a considerable amount of work remains to be done before a

detailed understanding of these variables can be achieved.

The various variatles of frictional-adhesional phenomena are listed, for con-
venience ,in Table 1. Though these may appear to cover the entire list of possible
variables, there is no assurance that this is actually the case. Alsc, it is

difficult at present to weigh the relative importance of each.



TABLE I

Variavles Relating to Frictionel - Adhesional Thenomera

Atamic Related Variables

« Atamic bond type - strength, directionality

Crystalline structure

Interface Related Variables

Roughness (including rougl: ess regularity)
Contamination (type and degree of)
Junction Geametry

Crystalline Orientations

Chemical Composition

Physico-Chemical Surface State

Bulk Related Variables

Hardness
Elastic & Plastic Iroperties

Strength Properties

Miscellaneous

Temperature



2.2 Zxperimental Evidence for Silicate Adhesion

There is as yet no direct evidence as to the composition of the lunar surface.
However, through the indications provided by terrestrial and meteoritic materials
it is generally believed that the surface 1s composed primarily of silicates. Un-
fortunately, there is at present no great abundance of data relating to the

adhesion of silicates.

The earliest work of interest appears to te that by Tamlinson (1%3, 193C) and

by Stone (1930). Tamlinson measured achesion vetween glass and quartz (not strictly,
at lcast historically, a silicate) balls and fibers, detecting forces Letween the
spheres as large as one gram. Tamlluson's results, particularly his interpreta-
tions of the adhésion as beipg atomic were challenged by Ctorne, but spparently no
satisfactory resolution of their differences was achieved. It should e noted,
however, that the work was done in air and even though cereful cleaning tecliniques
were used, a reasonably large amount of surface contamination, perticularly adscrbed
water, was undoubtedly present. More recently, Harper (1955) performed edhesion
experiments with cuartz spheres, in air, finding adhesional forces as large as

0.1% gm. Though he presented convincing argments that these forces were not due

to surface charging, it is likely that at least a mono-layer of adsorbed water

was present andhence it is difficult to say what fraction of this adhesion force was
indeed due to atamic quartz-quartz interactions. A few additional experiments with

micas have been performed but these are of no particular use to the present problem.

It has not been until the last few years that the first experiments in vacuum were
rerfcrmed. These have demonstrated the presence of silicate adhesion. Salisbury
et al (196k) conducted experiments with polycrystalline silicate powders at a vacuum

in the mid 10'10 mm Hg range. They found adherence of the powder grains




(=54 in diameter) and,méde a rough calculation that the adhesion force was

T2 -2z 1.(‘»—T gm. In these experiments there was no high temperature or other
(e.g. ionic-electronic) outgassing attempted end the adhesion was that under
essentially zero prior load. This work was followed by that of Stern and Johnson
(1964} who studied larger grains (up to 140# in dimmeter) at pressures of

10 45 1.3 x 107 m Hz and with one day outgassing at about 100°C. They

.3 x 10
found that the force of adhesion (with no prior loading) increased with partiele
size, being in excess of =304 g for the larger particles. They noted that if
prior losding had been used the adhesicn force may have veen significantly greater
than this. Additional experiments hsve been performed by Halejian (1964), also
upon powders, but of about LO# ir diameter. The pressures obtained were in the

=1
20 mm Hg range and the system was maintained continuously at EOOOC. Fram

high 10
Halajiar'e resulic ont can make a rough calculation as to the adhesion force,

utilizing the method epplied by Salisbury, finding that it was at least 304 g.

Much more needs be done bLefore even a reasonable understanding of the ultra-high
vacuu behavior of silicates can we reached. In particular, guantitative data
under controlled conditions should te cbtaired. This iinvolves discarding the
polycrystalline powders previously used and utilizing instead single crystal samples
of particular silicate mirnerals. With these, effects of crystalline orientation
can be investigated and quantitative data concerning load vs adhesion force and
{temperature vs adhesion force can te obtained. Also,improved surface outgassing
should be realized ty raising the samples to temperatures nct very much less than

their relting point, or by using icon-electron bamvardment.



3.0 THE SILICATES
It 1s of interest, since the majority of effort during this study is concentrated
upon the silicates, to outline briefly the physical nature of silicate systems

such as occur in terrestrial and meteoritic materials.

The silicates are as a whole highly stable structures. The basic building unit
of all silicates is the silica tetrahedron consisting of a silicon atom (at the
center) surrounded by four oxygens (at the vertices). The silicon-oxygen bond
is irtermediate between a pure covalent and pure ionic type. The wide diversity
within the silicate faumily can be explained by the vearying degrees to which these
orxygen atams are shared by a second silicon, also by the Tact that there are a

nunber of other atoms which can either substitute for the silicon (such as

c+

aluninum) or con enter intc the gemeral lattice (such a potessium, sodium, calcium,
barium, aluminum, and the OH redical). On the basis of oxygen sharing the sili-
cates are generslly grouped into six classes: Independent tetrahedral groups

(the orthosilicates); double tetraredral structures (dimers); ring structures;
chair structures; sheet structures; and three dimensional networks. A wide

variety of mirceral types are found within each class due to the introduction into

the lattice of various different atoms.

The general characteristics of eacli class are as follows:

(1) Independent tetrahedral groups
No oxygens are shared end each silica tetraliedron is in this sense independent
of all others. The crystal integrity is mainteined Ly bonding between the
oxygens and cations other than silicon. Examples of this type of structure
are olivine (an important constituent of neteorites) and the epidote group

of minerals.

16
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Double tetrzledral structures

Thie tetrahedra occur in pairs with a single cxygen per peir being shared.
Each pair is separated irom all other pairs, the remsining oxygens bonding
withh cations other than silicorn. An example of this type of structure is

shown by hemimorphite.

Ring structures

T™wo oxygeus atoms per tetrahedron are shared. The tetrsghedra form rings
cortaining two, three, four or six tetrashedra per ring. The remaining
oxyirens ocond with catious other than silicon. An example of this class is

beryl (six tetrahedra per ring).

Chain structures

-
-]
St

Single chain

Two oxygens per tetrshedron are shared and the tetrzhedra are joined
into chains of "infinite" exient. The chains normal to their length
are vonded by means of linkages between the remaining ciygens ard
cations other than silicon. An example of this type of structure is
given Uy thic pyroxene group of minerals, relatively important constitu-

ents of terrestrial igreous rocks, particularly the more basic varieties,

and meteorites.

() Doutle zhains
The tetrahedra share gliernaztely two and three oxygens forming double
linked chains of "infinite" e:ttent. The chains normal to their length
are vonded by means of linkazes between the remaining oxygens and cations
other than silicon. An example of this type of structure is given by

the anprhibole group of minerals.

1k



(5) Sheet structures

Three oxygen atoms are shared per tetrahedron, the remaining oxjygen bonding

with cations otiher than silicon. The silicon bonded oxygens form parallel
planes of "infinite" extert. An outstanding example of this type of structure

is given by the micas, a relatively camaon constituent of terrestrial igneous

rock.

(0) Three-dimensional networks

All oxygens of each tetrahedra are shared with edjacert tetrehedra. The
diversity of mirerals in this class resulis from the replacemernt of same of
the silicon atwurs and the introduction of additional atoms into the structure
to mainrtain charge neutrality. An exauple cf this type ol structure is given

by the Jeidspers, most important rock and meteorite constituents.

The silicates are characterized by significant variation in bond strengths and bond
The ionic-covalent type bonds daminate, and within any given mineral two
or more bond types (within the ionic-covalent extremes) are common. Cleavage, a

characteristic feature of many silicates, 1s thus explained as being due to the

presence of weaker (ionic) bonding

tc the geometric coniigurations of

It is of interest, in the light of
vacuumt irictional-achesional bel:avi
bonding varies within degrces of be

differernt types of bonds can exist

the strength of adhesion is sensiti

in certain directions; also of course in part

the atars in the lattice.

these coaments, to consider what the ultra-high
or of silicates may be.
ing more icnic or more covalert, and several

iz a single mineral crystel, ihis implies that

First, since the silicate

ve both to tyre of crystal end crystal orientation.

12




Zecond, ionic-covalent bonds are more directional than metallic bondc and this
implies that to the degree to vhich this diflerence is iamportant the adl.esional
forces hetween silicates should be sipgnificantly less thanh those between metals

(it also implies a decided crystal orientation sensitivity). Finelly, the relative
hardness and brittleness of silicatesalso implies some signiticant degree of
elastic recovery upon removal of load. This alsc indicates that silicate adhesion

nay be less than that of the metals, at least for those metals found to adhere.

In any couprehensive treatment of the ultra-hiigh vacuun friclicnal-sdhesional
tehavior of silicates, reprresentatives Iram each o1 the classes noted in this
section should be investigated. However, for the present study it is of more
importaicce to investigate the comuon silicate minerals such as may predominate at
the lunar surface. This iz used as the primary criterion for semple choice in the
present study. The samples chosen for study, as well as the reesons for their
choice, are discussed in a iollowing section. It 1s worthwhile noting, however,
that Llhe above structural groups which contsir the most cammon igneous and meteo-
ritic-contained silicates are: the independert tetrshedral groups, the chain
structures, the sheet structwees, and in particular the three dimernsional net-

WOorks.

L.o THSTRUMERTATION

4,1 Vacuwm 3ysten

The vacuum system for this study has been assemcled during this cuarter. It
consists of four major parts: forepump, ccld trap, ion tump, and the experimental
chamber. This systen is shown schematically in Figure 1. The mechanical forepunip

-4

provides the initisl pumping down to a pressure of lO"j - 10  mm Hg. The cold

13
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Figure 1 Schematic of Vacuum System
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trap (liquid nitrogen) is utilized to prevent migration of oil vapors into the
experimental chember. It is degreased prior to every pumpdown. The basic unit
for obtaining uwltra-high vacuwm is the ion pump. 7Tt has a puaping speed of 200
liters xsec'l at a pressure of 10°8 mn Hg. ts speed decreases slowly through the

10

1077 and mid 1071° m Hg. renge: it has & rated ultimate in the 10~ m Hg

range. Preliminary puunpdowns, without the presence of the complete experimental
apparatus and with only moderate bakeout, have given pressures of about 2 x 10-10
mn Hg as read by a "nude” Bayard-Alpert ionization gage. Good agreement b.a;s been
found between readings given by this gage and the pressure indicated by the ion

punp current. The experimental chamber, along with the ion pump itself, constitutes
the uwltra-high vacuuwm part of the system. This section is separated from the fore-

pump and cold trap by means of an ultra-high vacuum bakable velve. This valve is

closed during operation of the ion pump.

The ultra-high vacuum section is of all-metal construction, principally 304 Stain-
less, with the vacuum seals being made by means of copper and gold gaskets. The
chamber itself consists of a six inch (diameter) tee and a six inch cross upon
vhich are mounted the load application and adhcsion measuring systems (see Figure
2). Two viewing ports are provided to permit cbservation of the experiment. One
linear motion feedthrough and an eight pin electrical feedthrough are installed on
the top flange of the tee (see Figures 2 and 3). The bottam flange of the tee
contains the sample holder (see Figures 2, 3, and L) and provides means whereby
an electrauagnet and a heater can be applied externally to provide load force and

high temperature outgassing respectively.

L.2 Load Application System
The load application system provides the load force to press the semples together.

It is shown best in Figure L. The system employs an electramagnet outside the

15
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vacuwm chanber and a steel bucket iuside the chamber. The bucket, resting on

the upper cample, has teen desiged to meet the conditlons that its weight should
not cverload the adhesion measurement system, that it at no time contacts eny
other cacponents, that load forces up to 1000 gms. can ve applied, end that the
geometric configuration be such that the bucket remains stable (in orientation)
during operation and allows observation of the contacting surfaces. These condi-
tions have been met successfully with the exception that the bucket weight

( =C.9 gm) has resulted in some loss of sensitivity in the udhesion measuring

system. This i1s discussed in the following section.

A batrery power surply has been constructed for use with the electromagnet.

Several calibrations of load lorce as a function of currert drawn have teen made.

A typical curve is siiown in Figure 5. llere, load force is neasured by means of
Chatillon precision mechanical sprirgs. The scatter in the points at higher
current is due primarily to force reading difficulties caused Ly an overly corpressed
spring scale. This difficulty has been removed by obtaining & spring with a more
expanced gcale in this range. No particular difficultles have beern encountered

yvet with hysteresis effects. Ghould these appear, high tempersture {(above Curie

point) btakeout of bucket and core will Le used prior to each load application.

-

.3 Adhesicn Measuring System

-

The basic unit for neasuring tie force of adiiesion is a modified Cahn microvalance.
This balance is essentially a galvardeter movenent, Current throush the meter
movement coil (suspended in o magnetic field) avplies torcue to the balance arm,
which alonz with the coil is supported by means of an elastic mctezl fiber. The

adhesion force is then measured as the current which must he passed through the

19
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coll to cause separastion of the szmples. DSepuration is detected through movement
of the veum fram the zero reference line and through observation of the contact-
ing surfaces oy means of a catlietameter. The microbalance itself is attached t
a precision linear motion feedthrowgh with which the balance (and upper sample)

may be raised or lowered, bringing the samples Into contact prior to application

of tne load force, and lieeping them separated during bakeout.

Under optimum conditionz this balance is capable of measuring forces as swmall as
C.1 microgrzus. However, due primarily to the Lucket weight, Torces smaller thon
arout 20 micrograms carnot precently te cdelected. This may well be suitable for
thie purposes of the program, but if it is nct, it is possible to Irprove the
situstion by reducinz the bucket weight. It is antlcipated that the bucket weight
could Ye reduced to the extent that forces as small as a few nicrograms can te
detectod. This weight reduction would, however, reduce also the amount of load

forece ithat can be applied.

5 the manufacturer, *he out,assing rate of this ralance is sufficlently

ra
e
e
Q
it
fr‘
e
s
&
o

small so that pressures in the low lO-lO to upper 10—11 mn Hg range can be ocbtaired
with ouly moderate pimping. This has not as yet heen verified in tlie present
progran. Cre pumpdown has Leen made with the vealance in the system. A pressure of
only 39 x 10-9 mn Hg was achieved. liovever, upcn helium leak testing the system
three larze leaks (due to flange warya,_e) were found. Caleulations indicate that

f o , o -1¢ R
with the elimination of these, pressures 1n the low 1D mmm Hg range should b

5 hoped that thils guestlon can Le wuswered in the near future.

e

ocLtaired. It
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4.4 Bekeout Systems

There are two bakeout systems. The first consists of heating lamps znd tapes,
shielced on the outside by eluminum Toil, which serve to heat the ertvire uwitra-
Ligh vacuum part of ihe system up to avout ;SOOC. The purpose of tliis bakeout
is to ald ir obtaining better vacuum. It has been found that during this opera-
tion great care must be taken to avold any large temperature gradients as such
gradients almost invariably result in the production of leaks around the copper
casxets.

The cecond bakeout system consists of a wodified heavy-duty insulated soldering
Zror. This iron Is placed at the same point as the electramasmet shown in Figure

4 and its purpose is to heat the samples up to high temperature (700-700°C) for
surrace outgassing. This system has been iound to perform quite satisfactnrily.
However, one potential future problen is tre oxidetion produced upon the iron and
exterior of the vacuum system. If oxidation appears (o Le vecawing severe with
usaje it ray be recessary to Immerse the Leated area {exterral to the vacuun system)

in an inert sas, nost proovably heliwus.

5.0 CAMPLE CHOICE AKND PREPARATION

Five ciriteria are used in the choice of saiple. These are tirst, that the samples
be representative of the more cammonly occurring igmeous rock ard meteorite sili-
cate minerals; second, that in so far as possivle the mineral suite should encompass
the Igneous rock range of acidic to ultrabasic; third, that each sample be as per-
fect (as regards competency, purity) an example of the chosen mineral as can be
ottalined; fourth, that in so far as possible ot least one example of each important
crystal class be studied; aad finally, that the semple yhysical properties be such

that it can withstand the forming operations reguired in sample preparstion.




A set of ninerals which appear to satisfy these criteria tc a reasonably good
depree have Leen chogsen. These are: orthoclase, nicroclire, altite, eand
uytownite (nlternatively labradorite eor arorthite) representing the feldspars;
nornblende, aucite, and Lypersihene representing the amphibole and pyroxene £roups;

and epidcte. Of these, samples of orthoclase, zlbite and lLypersthere have been

fabricated to date.

Tlie somple preparation techniques are as follows. First, the crystal axes are
determiined and merked. This is done with tlie petrosrarhic microscope wheon possible,
and by x-ray diffraction when necessery. Cylinders of each sample, C.5 cm in
Giapeter ond 0.32 cm long, are then cut by means of ultrasonic techniques. In-
tersecting perpendicular holes are then drilled, again uWltrasonicelly (see Figure
G). A screw and lock pin are inserted into these Loles tc attach the samples to
the experimental apparatus. The faces which are to be contacted are then polisk
the polishing procedure veing dependent upon the rature of the face. For rerfect
cleavae faces, whewn necessary, 400 ihen 300 mesh diamond grit is used roilowed by
5u garnet: for ctlier faces tlis procedure ic preceded by 10C then 220 zesl silicon

corbide polizhing. Tmediate rior to e each sagple is carefully weshed and
& <

degrecsed, ana oven dried. A photumicrogreph is then tzken of eaclhi surface.

-

v.0 EXPERIMENTAL PROCEDURE

Q
3
0]

:d of a Chatillon spring. The load fcrce as a function of electramagnet current

s determined. The upver sample is then hung at one end of a straight, Tive mil,

Pin

tungsten wire suspended Irom an armm of the microbalance. A suitable counter-

veight (made of alumirum) is susperded Irom the othier arm. The balance is zeroed
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and calibrated as per the instruction manual for the balance. The unit is then
inserted into the vacuum system, the two samples aligned {=nd criented with
respect to crystallire strucuure), and the balance zero rechecked. The vacuum
system is then closed, the forepump turned on and the cold trap filled. Pre-
liminary‘bakeout et acout lOOO-lSOOC is performed, the temperature being
monitored by six iron-constantan themocouples placed at strategic locations,
also by a themistor attached to tlie microbalance. The ion pump is then turned

on, the valve separuting the low and higu vacuum parts of the system closed and

o+

nhe mecnanical forepump turned off. Any furtlier bgkeout necessary ¢ performed

with the ion pump on.

The semples are heated to =700 - 3oc°c imnedietely prior to measurement. The
heating unit is then removed, the samples cooled as quickly as possible (note
there are nc copper gaskets in the immedizte vicinity cf the samples), and the
electromagnet inserted (Figure L). The upper sample is lowered into contact with
ihe lower sample by means of the precisicn linear motion feedthru, care baing
taken that the microbalarnce zero is not changed. The desired load force is then
applied after which the electromagnet is caretully withdrawn (to avoid residual
magnetism problems). The current to the microbslsance coil s slowly increased
until evidence of sample separation is noted. ‘The adhesion force can then be

read directly from the microbaslance control unit (located outside the chamber).

7.0 PRESENT STATUS
Onie attempt has been made to detect adhesion. Two orthoclase samples with contact-
ing faces pszrallel to the 001 plsne (the perfect cleavage plane for orthoclase)

and with the faces within 10° of atomic matech (irn anguler orientation) were used.
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No load iorce was applied. Same indication of measurzble adhesion was obtained,
but the indicetion was marginal and any definitive statements concerning this are
unwarranted at the present time. The main difficulity with this attemp! was the in-
ability to obtain sufficient vacuum, the measuremernt teing made at a pressure of

only 2 x l()”O mm Hg.

The system was nelium leak tested and three "large" leaks were found around the
vacuwm seals: one ii the upper tee {lange. one in the lirear motion feedthrough,
and one in the electrical feedthrough (see Figure ©). Coloulations irdicated that
these leaks were sufficiernt to prevent the desired pressure from being reached.
Inspection revealed that the Tlanges were warped, presumably during the welding
(this has been a recurring problem). Replacing of the copper gaskets and the use

P

of annealed copper gaskets did not seal the leaks. Indium gaskets were cast and
these were found to work guite well. lowever, it was decided that copper zaslets
were preferable due to the possibility of some of the indium erntering the hiun

temperature part of the system. Accordingly the upper tee flange, with assuciated

feedthroughs, is being refabricated.

There are several unresolved guestions that must be answered in the near future.
First, it must be determined whether with the microbalance in the system pressures
in the low 10—10 m Hg range can indeed ve obtained. <Calculations, as noted
previously, indicate this can be done and the manufacturer states it can be done.
However, until this is experimenially veriiied in the presert system it must be
considered an uncerteinty. Should the microbalance provide difficulties it will
be necessary to semi-isolate it from the main system by meens of a high impedance

feedthrough tube, and to apply secondary pumping.



The second question also concerns the microbzlance. During the attempt to measure
adliesion noted previously, the balance, at some unfortunately unknown time during
the outgessing, drifted fram its zero setting. It is not presently known whether
this was normal long~term drift, whether it was due to the effects of heating upon
the balance mechanism (this must be considered unlikely on the basis of subsequent
examination and since the balance temperature never exceeded that allowable),or
whether it was due to loss of sample weight (the unbalance was in this direction).
In order to circumvent this effect, assuming it may well occur again, we have re=-
rlaced the originally used copper counterweights with aliminum (much lower melting
point) =nd have shielded the alumirum from the samples. In this way it 1s hoped
that any unbalance can be corrected through reduction of the counterweight weight
by means of moderate heating. As of the present, the degree to which this may be

8 problem remains uncertain.

The final question concerns the magnitude of the adhesive forces. As was noted in
a previous section the available erxperivental evidence indicates that forces
cignificantly greater than 30 microgramus can be expected. If this is irue then

the adhesion measuring apparatus as it stznds now has sufficient sensitivity.
However, if this is not true, or more particularly not true in all cases, increased
sensitivity will be required. The most feasible method for achieving this is to
reduce the bucket weight. Whether or not modilications will be necessary cannot

be determined until all conditicrs pursuant to a valid attempt to measure the

adhesion are met.
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8.0 SUMMARY

Work during this quarter has consisted of assembling the vacuum system, construct-
ing the experimental apperatus, and preparing the initial silicate samples. The
main problem encountered was the inability to obtain the desired vacuumm due to

flange warpage. It is expected that this problem will be resolved shortly.

Not all of the experimental difficulties have been resolved as yet. However, it
is expected, unless unforeseen difficulties arise, to be able to proceed vifh the

sdhesion measurements shortly.
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